The authors have demonstrated that this nontypoidal Salmonella isolate encodes a cytolethal distending toxin. In addition, they have created deletion mutants in the cdt genes and shown that they no longer mediate cell cycle arrest. Finally, they complemented the mutants with wild type copies of the genes. 
Introduction
Salmonella enterica (with more than 2610 serovars) is recognized worldwide as a significant cause of both human and animal diseases (Guibourdenche et al., 2010) . One of the most severe Salmonella infections is typhoid fever, which causes diarrhea and systemic disease. Salmonella Typhi is highly adaptive in humans and is responsible for persistent as well as life-threatening systemic infections (Haghjoo & Galan, 2004) . In contrast, nontyphoidal Salmonella serovars can cause illness to a broad host range, including humans, ruminants, birds and reptiles and has a rapid onset and short incubation period. According to Food Net, which was established in 1996 as a collaboration of the CDC, USDA, FDA, and selected state health departments, 3.6 million (39%) foodborne illnesses were caused each year by bacteria, in which nontyphoidal Salmonella caused 1 412 498 cases of illness while S. Typhi caused 824 cases in the United States (Chen et al., 2006) .
A variety of food products have been described as vehicles transmitting Salmonella infections to humans through the gastrointestinal tract, causing acute gastrointestinal illnesses, such as gastroenteritis, organ focal infection, and systemic febrile infection (Swamy et al., 1996) . These food products include beef, poultry, pork, eggs, cheese, seafood, fruits, and vegetables (Threlfall, 2002; Angulo et al., 2004; Srikantiah et al., 2004; Elward et al., 2006; Khan et al., 2006 Khan et al., , 2007 Khan et al., , 2009 ; Ponce et al., 2008; , 2012 Mezal et al., 2013 Mezal et al., , 2014 . According to the CDC (CDC, 2009), S. Javiana accounts for 3.7% of nontyphoidal Salmonella cases in the United States each year, mainly in July, August and September. General symptoms of S. Javiana infection typically include fever, vomiting, diarrhea, and abdominal cramps that last 12-72 h after ingestion of the food contaminated with bacterium. Salmonella Javiana can also lead to potentially serious infections, such as meningitis, liver abscess, and cholecystitis in the gallbladder (Gracia Jover et al., 1967; Lee et al., 1998; CDC, 2010; Mezal et al., 2013) . Infants under 3 months, the elderly, and immunocompromised individuals are more prone to infections from S. Javiana (CDC, 1990) . Salmonella Javiana ranks fifth among the top serovars implicated in human disease in the United States, but is restricted geographically to the southeast region of USA (Srikantiah et al., 2004) .
Microbial pathogens during interaction with their hosts develop various strategies for invasion and adaptation to manipulate environmental signals of host cells (Bhavsar et al., 2007) . One of these strategies is DNA damage or perturbation of the cell cycle machinery of the host to create a better environment for bacterial replication (Mattoo et al., 2007) . An example of bacterial toxins that accomplish these strategies is cytolethal distending toxin (CDT). This toxin can act as a virulence factor in intestinal pathogenesis through cell cycle arrest, cytoplasm distension, and apoptosis in a broad range of mammalian cells (Lara-Tejero & Galan, 2002; Smith & Bayles, 2006) . Johnson and Lior first discovered CDT as a novel toxic entity in certain Escherichia coli and Campylobacter spp. strains (Johnson & Lior, 1987 , 1988 . In addition, CDT is known to be produced by various Gram-negative bacteria, such as Shigella dysenteriae (Okuda et al., 1995) , Haemophilus ducreyi (Cope et al., 1997) , Helicobacter hepaticus (Young et al., 2000) , and Actinobacillus actinomycetemcomitans (Sugai et al., 1998) . Furthermore, CdtB was characterized in S. Typhi as one component of the CDT (Haghjoo & Galan, 2004) . It is worth mentioning that the S. Typhi CdtB subunit is considered one of the typhoid toxins, which have possibly important roles in unusually lengthy, persistent, and fatal systemic diseases (Spano et al., 2008) . CDTs consist of three subunits: CdtA, CdtB, and CdtC. The CdtB is the active form of the CDT complex and has a similar amino acid sequence to mammalian deoxyribonuclease I (DNase I) (Lara-Tejero & Galan, 2000; Elwell et al., 2001; Nesic et al., 2004) . The CdtA and CdtC subunits are assembled as a heterodimeric B subunit, which is responsible for binding to the host cell membrane to deliver the CdtB toward the nucleus of the target cells through the Golgi apparatus and the endoplasmic reticulum. Eventually, the CdtB reaches the nucleus, where it induces double-stranded DNA breaks (Ohara et al., 2004) .
Salmonella Typhi does not encode CdtA or CdtC. However, the cdtB gene from S. Typhi is located on a pathogenicity islet upstream of pltA and pltB genes encoding similarity of the pertussis-like toxins A and B (PltA and PltB), which form a complex with CdtB with corresponding approximate molecular masses of c. 30, 25, 15 kDa of CdtB, PltA, and PltB (Spano et al., 2008) . The biological activity of CDT in several bacterial pathogens, including S. Typhi, is cell cycle arrest and cellular distension of host cells; however, the biological activity in nontyphoidal Salmonella is not known. Thus, we report for the first time the functionality of cdtB, pltA, and pltB in nontyphoidal S. Javiana during infection with the epithelial cells.
Materials and methods

Bacterial strains
Fifty isolates of S. Javiana were selected for this study. Twenty of these isolated from foods and environmental samples, were obtained from the FDA-Arkansas Regional Laboratory (ARL) and thirty isolates, of clinical origin, were obtained from the Arkansas Department of Health (AHD).
PCR detection of cdtB, pltA and pltB genes All isolates of S. Javiana were screened for the cdtB, pltA, and pltB genes by a PCR (Skyberg et al., 2006) . Primers used for this study are listed in Table 1 . Total genomic DNA was extracted from the isolates using the DNeasy â Blood and Tissue kit (Qiagen, Valencia, CA). The composition of the PCR mixture was 19 PCR buffer, 200 lM of each dNTP, 0.25 lM of forward and reverse primers, 2.5 units of Construction of cdtB, pltA and pltB deletion mutants
Deletion mutations in S. Javiana strain for cdtB, pltA, and pltB genes were generated using lambda Red-based recombination system (Datsenko & Wanner, 2000) . Briefly, primers were designed to amplify a kan cassette encoded on plasmid pKD4, which is flanked by an FLP recombinase target (FRT) site (Datsenko & Wanner, 2000) . PCR products were generated using pairs of primers listed in Table 2 . The PCR products were purified using PCR purification kit, treated with DpnI (New England BioLabs, Ipswich, MA) to eliminate methylated template DNA. Transformants carrying a Red helper plasmid (pKD46) were grown in 2-mL SOB cultures with ampicillin (100 lg mL
À1
) and 10 mM arabinose at 30°C to an OD 600 nm of % 0.6 and then made electrocompetent by concentrating 100-fold and washing three times with ice-cold 10% glycerol. PCR products were gel-purified, digested with DpnI, repurified, and suspended in elution buffer (10 mM Tris, pH 8.0). The PCR products were then introduced into S. Javiana carrying the plasmid pKD46, using a Gene Pulser Xcell Electroporation System (Bio-Rad Laboratories, Hercules, CA), with a 0.2 cm cuvette (Bio-Rad Laboratories) at 2.5 kV with 25 lF and 200 Ω. Shocked cells were added to 1 mL SOC, incubated 1 h at 37°C, and then spread onto LB agar plate to select Km R transformants. To resolve the antibiotic cassettes, the temperature sensitive plasmid pCP20 was introduced to the strain ΔcdtB::kan, ΔpltA::kan, and ΔpltB::kan to encode the FLP recombinase. ΔcdtB, ΔpltA, and ΔpltB were finally constructed by the removal of pCP20 through incubation at high temperature (42°C). The mutations were confirmed by PCR with primers used for the detection of cdtB, pltA, and pltB.
Complementation
The cdtB and pltA complementation plasmids were constructed as described previously by . Briefly, the 819-bp cdtB and 729-bp pltA fragment generated by PCR using primers KpnI-cdtB1, XhoI-cdtB2, KpnI-pltA1, and XhoI-pltA2, respectively (Table 2) , from the genomic DNA of S. Javiana strain #1300 were digested with KpnI and XhoI (Promega, Madison, WI), purified, and ligated into the KpnI and XhoI digested broad host range vector pBBR1MCS-2. The recombinant plasmids were transformed into TOP10 chemically competent E. coli (Invitrogen Corp., Carlsbad, CA) and selected on LB agar plates containing 50 mg L À1 kanamycin. Selected E. coli clones were screened for recombinant plasmids by plasmids extraction followed by PCR amplification of the inserts, using the same primers used to construct the cdtB and pltA inserts. The recombinant plasmids were then electroporated into S. Javiana ΔcdtB and ΔpltA strains using a Gene Pulser Xcell Electroporation System (Bio-Rad Laboratories, Hercules, CA) with a 0.2 cm cuvette at 2.5 kV with 25 lF and 200 Ω. Shocked cells were added to 1 mL SOC, incubated 1 h at 37°C, and then spread onto agar to select Km R transformants.
Cell and bacterial culture conditions
Cytotoxic effects for Salmonella strains were investigated in the HeLa cell line (ATCC-CCL-2). The cell line was maintained in Dulbecco's modified eagle medium (DMEM, Invitrogen) supplemented with 10% Fetal Bovine Serum (FBS, Atlanta Biologicals, Norcross, GA) penicillin (100 units mL
À1
) and streptomycin (100 lg mL
; Sigma) at 37°C in a humidified atmosphere of 5% CO 2 . DMEM medium of was replenished every 2-3 days, and the confluent monolayers were passaged with 19 trypsin-EDTA (Invitrogen). Trypsinized cells were seeded at a density of 1 9 10 5 cells mL À1 into six-well plates (1.5 mL per well). Unless noted otherwise, cells were grown to confluence prior to inoculation. Salmonella Javiana strain #1300 wild type (WT), deletion mutant of cdtB (DcdtB), pltA (DpltA), pltB (DpltB), cdtB complemented strain (S. Javiana #1300_pBBR1MCS-2::cdtB), and pltA complemented strain (S. Javiana #1300_ pBBR1MCS-2::pltA) grown and maintained in LB broth (BD Biosciences, Boston, MA).
Invasion assay
Bacterial invasion assay was performed based on the method described previously (Prasad et al., 1996) . The method was slightly modified. Briefly, HeLa cell line (1 9 10 5 cells mL
À1
) were seeded on 6-well plates and incubated at 37°C in a humidified 5% CO 2 incubator until 70% confluence. Cultured (OD 600 nm % 0.6) WT, DcdtB, DpltA, DpltB, S. Javiana #1300_ pBBR1MCS-2::cdtB, and S. Javiana #1300_ pBBR1MCS-2::pltA were added in the medium containing HeLa cells with the multiplicity of infection (MOI) of 200. The 6-well plates containing HeLa cells and bacterial inoculum were centrifuged at 20 g for 5 min. The plates were then incubated for 1 h at 37°C. The S. Javiana monolayers were washed three times with prewarmed Phosphate Buffered Saline (PBS, pH 7.2) and incubated in the DMEM containing gentamicin (100 lg mL À1 ) for 1 h. The monolayers were washed and lysed using 0.01% Triton X-100. One hundred microliters of each lysed monolayers was plated on LB agar plates. The bacterial cells were counted and analyzed. These assays were repeated in three separate experiments.
Cellular distention assay
Cytolethal distending assay was assessed as described by Spano et al. (2008) with modification. Briefly, HeLa cells were seeded into 6-well tissue culture plates at a density of 1 9 10 5 cells per well in 1.5 mL DMEM medium. The plates were incubated at 37°C in an incubator with 5% CO 2 for 22-23 h before bacterial inoculation. The media were replaced with fresh DMEM containing 10% FBS 30 min before inoculation with the Salmonella (WT, deletion mutants, and complemented strains). The cells were infected at a MOI of 200 and incubated for 1 h at 37°C in 5% CO 2 incubator. Cells were then washed three times with prewarmed PBS. DMEM with gentamicin (100 lg mL À1 ) was added to each well, and the 6-well plates were incubated for 1 h to kill extracellular bacteria. Cells were washed three times with prewarmed PBS, again. The cells were then incubated for 72 h at 37°C with 5% CO 2 . After the incubation, cells were washed three times with PBS, fixed with 3% paraformaldehyde, and observed under light microscope for demonstration of morphological changes in the cells as previously described (Aragon et al., 1997) . This experiment was conducted in duplicates.
Flow cytometric analysis of cell cycle arrest
To measure the cell cycle arrest, HeLa cells were seeded in 6-well plates at a density of 1 9 10 5 cells per well. Cells were prepared for Fluorescence-Activated Cell Sorting (FACS) analysis (Lara-Tejero & Galan, 2001) with modification. Briefly, harvested cells were treated with 70% ethanol while vortexing at slow speed to fix the cells. Cells were kept at -20°C for at least 1 h. Cells were collected by centrifugation for 5 min at 138 g, and the ethanol was decanted completely. Cell pellets were resuspended in 5 mL of PBS and kept for 10 min at room temperature, and the cells were collected again by centrifugation, as described above. The cells' pellets were resuspended with propidium iodide staining solution (0.1% Triton X-100, 40 lg of PI mL
À1
, and 100 lg of RNase A mL
) and incubated at room temperature in the dark for 15 min. Approximately, 1.0 9 10 4 cells were examined using a FACS analysis with the excitation set at 488 nm and the emission set at 630 nm. This experiment was conducted in duplicate.
Results
Detection of cdtB, pltA and pltB genes in S. Javiana isolates by PCR and nucleotide sequence analysis Fifty S. Javiana isolates used in this study were all positive for cdtB, pltA, and pltB by PCR. There was no difference in the presence of cdtB gene among clinical, environmental, and food isolates. The nucleotide sequence of S. Javiana cdtB was identical to that of cdtB from S. Typhi C18 ( Supporting Information, Fig. S1 ). In addition, S. Javiana strain had similar amino acid sequences of CdtB, PltA, and PltB to S. Typhi C18 and other nontyphoidal Salmonella (Fig. 1a-c) .
Construction of cdtB, pltA and pltB mutants and complementation
Deletion mutants of cdtB, pltA, and pltB genes were constructed using lambda Red-based recombination system which is based on homologous recombination in wild-type S. Javiana strain #1300, to assess the contribution of CdtB, PltA, and PltB in pathogenesis. All genes were routinely rechecked and verified by a PCR strategy for elimination of a resistance gene. These results indicate that the lambda Red-based recombination system mutagenesis was useful tool for the complete loss of gene function. To confirm the role of cdtB and pltA genes mutant strains were complemented with wild-type cdtB and pltA genes using recombinant plasmids pBBR1MCS-2::cdtB and pBBR1MCS-2::pltA. The complemented S. Javiana ΔcdtB and ΔpltA strains were restored to ability of these mutants for typical signs of cytolethal distending intoxication such as cytoplasmic distension (Fig. 3aG and aH) and cell cycle arrest (Fig. 3b  and c) . The presence of the pBBR1MCS-2 vector alone in these mutants' cdtB or pltA had no detectable effect of cytotoxic activity for HeLa cells (data not shown).
Invasion assay
Invasion is the first step of damage to the colonic mucosa leading to inflammation. Therefore, invasion of bacteria are critical for pathogenesis. To determine whether S. Javiana strains are capable of inducing cell invasion, HeLa cells were infected with the WT and its isogenic ΔcdtB, ΔpltA, and ΔpltB S. Javiana strains. Salmonella Javiana WT was more invasive than ΔcdtB and ΔpltB strains (Fig. 2) . The difference of invasion rates between WT and ΔcdtB ΔpltA, or ΔpltB strains was statistically different (P < 0.05). However, S. Javiana ΔpltA showed a significantly lower invasion rate than P < 0.05. The cdtB complemented S. Javiana strain showed higher invasion as compared to ΔcdtB. These results demonstrate that the S. Javiana WT was able to invade HeLa cells. These results suggest that CdtB may have a possible role in S. Javiana invasion of the host.
Cellular distention assay
The morphological changes in HeLa cells by S. Javiana WT, mutants, and complements are shown in Fig. 3 . The nuclei and cytoplasm of HeLa cells after infection with S. Javiana WT and S. Typhi were large as compared to S. Javiana, Δ cdtB, ΔpltA strains and noninfected HeLa cells (Fig. 3a) . Apparently, cells infected with the S. Javiana ΔcdtB and ΔpltA did not induce distension of both cytoplasm and nucleus ( Fig. 3aD and aE) , whereas the ΔpltB strain retained the ability to cytoplasmic distension (Fig. 3aF) . The toxicity of the ΔcdtB or the ΔpltA strains was recovered when the mutants were complemented with pBBR1MCS-2:: cdtB or pBBR1MCS-2::pltA, respectively, and the cellular enlargement became progressively more prominent ( Fig. 3aG and aH) . Taken together, these findings sug-(a) (b) (c) Fig. 1 Dendrogram of Salmonella Javiana CDTorthologs. The relatedness of the proteins in Salmonella spp. strains was generated by alignment with the amino acid sequence of S. Javiana CdtB (a), PltA (b), and PltB (c). Fig. 2 Invasion of Salmonella Javiana on the HeLa cells with S. Javiana strain #1300 WT, deletion mutant of cdtB (DcdtB), pltA (DpltA), pltB (DpltB), cdtB complemented strain (S. Javiana #1300_pBBR1MCS-2:: cdtB), and pltA complemented strain (S. Javiana #1300_ pBBR1MCS-2:: pltA). The invasion data are averages of three independent experiments performed in duplicate.
gested that CdtB displays the same characteristics of cellular distension in the host cells, as do other bacterial pathogens including S. Typhi. Furthermore, these results indicate that the pltB gene had no apparent effect on the cellular distension, while the cdtB with pltA had apparent effect on the distension of both cytoplasm and nucleus. Consequently, these results suggest that CdtB of S. Javiana may require PltA for typical signs of cytolethal distending, such as cytoplasmic and nucleus distension.
Flow cytometric analysis of cell cycle arrest
The WT and its isogenic ΔcdtB, ΔpltA, and ΔpltB S. Javiana strains were examined for their ability to block cell cycle arrest by analyzing DNA content of HeLa cells using flow cytometry (Fig. 3b and c) . The results show that HeLa cells infected with S. Javiana WT and S. Typhi (positive control) become arrested in G 2 /M phase (red peaks) after 72 h as compared to control (no infected cells; Fig. 3b ). In contrast, HeLa cells infected with S. Javiana ΔcdtB and ΔpltA strains were essentially identical to the control (no infected cells), with a large accumulation of cells in the G 0 / G 1 (black peak). The complemented S. Javiana strains containing pBBR1MCS-2::cdtB and pBBR1MCS-2::pltA showed clear signs of intoxication such as cell cycle arrest in G 2 /M phase (Fig. 3b) . The cell cycle arrest study indicates that S. Javiana ΔpltB strain showed accumulation of cells in the G 2 /M phase (Fig. 3b) . The ratio G 0 /G 1 to G 2 / M of cell cycle profiles is shown in Fig. 3c . The results of the DNA content profiles suggest that S. Javiana WT exhibit G 2 /M arrest similar like S. Typhi. In other hands, the PltA may act to aid the CdtB to promote the cell cycle arrest in HeLa cells.
Discussion
The CDT consists of a heterotrimeric complex of three subunits CdtA, CdtB, and CdtC with corresponding approximate molecular masses of 23-30, 28-29, and 19-21 kDa according to bacterial host species (Scott & Kaper, 1994 , 1994 . This toxin can induce, arrest the growth, and extend persistence in several kinds of mammalian cells (Johnson & Lior, 1987; Escalas et al., 2000; den Bakker et al., 2011) . The CDT has been detected among Salmonella serovars especially in S. Typhi, and cdtB requires two genes pltA (pertussis-like toxin A) and pltB (pertussis-like toxin B) to induce signs of intoxication eukaryotic cells such as cellular distension and cell cycle arrest (Spano et al., 2008) . In this study, we demonstrate for the first time functional roles of cdtB, pltA, and pltB of nontyphoidal serovar S. Javiana.
This study showed that all S. Javiana isolates from foods, environmental, and clinical samples contained cdtB, pltA, and pltB genes. Several publications have reported that cdtB is not present in other nontyphoidal S. enterica serovars (Parkhill et al., 2001; Spano et al., 2008) , except that a few more recent studies indicate cdtB in some nontyphoidal Salmonella (den Bakker et al., 2011; Suez et al., 2013) . The results of this study suggest that cdtB might have been horizontally transferred during homologous recombination between S. Typhi and nontyphoidal serovars, by a prophage that integrates into the bacterial DNA chromosome, or by another mechanism . Because none of the previous studies evaluated the functionality of cdtB, pltA, and pltB by nontyphoidal Salmonella, cdtB, pltA, and pltB deletion mutants were constructed to understand the role these genes in S. Javiana invasion of the host cells and how these genes induce cell cycle arrest as well as eliciting the morphological changes when form complex holotoxin CDT in HeLa cells. Salmonella pathogenesis requires the coordinated expression of virulence factors that allow the bacterium to invade the host cells. To prove the role of cdt of S. Javiana as a virulence marker, we assayed the invasion properties of the wild-type strain and its isogenic ΔcdtB, ΔpltA, and ΔpltB on HeLa cells. These results revealed a significant difference in invasion between the S. Javiana WT and its isogenic cdtB mutant on HeLa cells. Similar results have been reported that C. jejuni was able to invade epithelial cells more efficiently than strains without CDT (Jain et al., 2008) . The high level of invasion of the cdtB strain WT to HeLa cells indicates the role of CdtB as a virulence marker and important virulence attribute of S. Javiana.
This study shows that the HeLa cells infected with S. Javiana WT became distended with prominent cell cycle arrest compare with the controls (no infected cells) ΔcdtB and ΔpltA. These results suggest that the cdtB encodes a biologically active component of the S. Javiana as do other bacterial pathogens that encode the CdtB subunit; furthermore, these results indicate that the cdtB was associate with pltA to induce typical signs of cytolethal distension intoxication. In other hands, ΔpltB is still as potent as the WT against HeLa cells under the experimental conditions used. This could suggest that the pltB is dispensable for intoxication activity. Therefore, it was proposed that PltA may act to aid CdtB to increase in the G2/M and prominent morphological changes. One difference between our results and those reported by Spano et al. (2008) that both PltA and PltB may act to promote toxin activity of CdtB. On the other hand, the cdtB is not expressed when S. Typhi is grown in stranded culture medium and it only expressed when S. Typhi reaches in a specific intracellular compartment of host cells (Haghjoo & Galan, 2004) . Further studies will be required to assess the role of PltB in CDT activity in nontyphoidal Salmonella. Complemented Salmonella strains cdtB or pltA showed similar cytolethal distension like WT which indicates that the distension and other toxicity was associated with CdtB and PltA. Based on our study as well as that of other studies, it is more likely that the cdtB encode CdtB subunit is sufficient for cell cycle arrest and cellular distension in HeLa cells (Elwell & Dreyfus, 2000; Shenker et al., 2007; Spano et al., 2008) .
There are several mechanisms, called checkpoints, that validate the accuracy of DNA replication at each phase of the cell cycle (Jackson & Bartek, 2009 ). These checkpoints can stop the cell cycle or cause cell cycle arrest if there is DNA damage or incomplete replication. It is worth mention- ing here that the CDT was the first bacterial toxin found to cause the DNA double strand breaks via the activation of an ataxia telangiectasia mutation (ATM) (Jackson & Bartek, 2009) . ATM activating protein kinase, Chk2, reduces cyclin-dependent kinase (CDK) by several mechanisms, such as activation of p53 (transcription factor). Activation of P53 via CDK leads to induction of p21 (cyclin inhibitor) (Jackson & Bartek, 2009 ). The p21 inhibits cyclin E-CDK2, which blocks the cell cycle at the G1/S and G2/M phases (Jinadasa et al., 2011) . Activating protein kinase, Chk2 can also causes failed to activate CDC25C that lead to cell cycle arrest in G2 phase (Jinadasa et al., 2011) . Recent studies demonstrating the CdtB subunit exhibits phosphatidylinositol (PI)-3,4,5-triphosphate phosphatase, which can induce G2 arrest in human lymphocytes by activation of Akt pathway (Shenker et al., 2007) .
In conclusion, S. Javiana strains isolated from food, environmental, and clinical sources contain a cdtB, pltA, and pltB genes similar to S. Typhi. These strains caused cytoplasmic and nuclear enlargement together with cell cycle arrest in G2/M phase, increased invasion and cytotoxicity toward HeLa cells that are characteristic of CDT activity. In other hands, PltA but not PltB promotes CdtB to induce typical sings of cytolethal distending intoxication. Therefore, more work will be necessary to unravel the role of PltB in CDT activity in nontyphoidal Salmonella. This observation can be used for future studies to elucidate the functionality of the CDT in nontyphoidal Salmonella, including S. Javiana, for induction of cytoplasm distention and cell cycle arrest in epithelial cells as well as provide insights into the pathogenesis of diseases and virulence by this important serovar. Further studies on regulation and expression of CDT toxin will reveal the importance of typhoid toxins in nontyphoidal Salmonella strains.
